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Description 

Background of the invention 

5 The present invention relates to a process for the preparation of microcapsules having a capsule wall of a polymeric 
substance enclosing a water-immiscible material, by interfacial polymerization of an aqueous dispersion ofa first poly- 
mer-forming substance dissolved in a water-immiscible material with a second polymer-forming substance which reacts" 
withihe-ftr^oTieTjrM mix ing conditions, to form a stable aqueo us s u spe n sions mfcnftapstries-etehe water- 
immiscible material. The invention also relates to a composition comprising said microcapsules. 

10 It is known perse to prepare microcapsules by carrying out an interfacial polycondensation reaction in a liquid, with 
one of the reactive components required to form the capsule wail being dissolved in the disperse phase and the other 
being dissolved in the continuous phase. Such a process is disclosed for example in U.S. Patent 3,577,515. This proc- 
ess is carried out by initially dispersing a solution of the first reactive component required to form the capsule wall and 
an immiscible material in a continuous phase with high shear and then adding a solution of a second complementary 

is reactive component dissolved in the medium containing the continuous phase to it with mixing. In the process of U.S. 
Patent 3,577,515, it is recommended to use nonionic protective colloids such as polyvinyl alcohol, gelatin and methyl 
cellulose for the dispersion of a water-immiscible organic phase in a continuous aqueous phase. A variety of wall-form- 
ing components are disclosed. 

One drawback of this process is that it is incapable of encapsulating concentrated amounts of material, such as 45 

20 % by weight or more, because the microcapsules tend to agglomerate into large unusable masses. 

Several U.S. patents such as U.S. Patent Nos. 4,280,833, 4,640,709 and 4,938,797 disclose processes for micro- 
encapsulation via an interfacial polycondensation reaction whereby concentrated amounts of water-immiscible materi- 
als, such as 45 % by weight or more, can be encapsulated within a polymeric shell wall, with the finished microcapsules 
forming a stable suspension in an aqueous medium. The ability to obtain high concentrations of microcapsules is taught 

25 to critically depend on the use of a specific type of surfactant or a combination of surfactants, for example, a salt of a 
lignin sulfonate in U.S. Patent 4,280,833, an alkylated polyvinyl pyrrolidone polymer in U.S. Patent 4,640,709 and a 
combination of a formaldehyde condensate of a naphthalene sulfonate with ethylene oxide/propylene oxide/ethylene 
oxide block polymers in U.S. Patent 4,938,797. 

Microcapsules prepared by interfacial polycondensation can advantageously contain materials which have a vari- 

30 ety of uses, such as for dyes, inks, color formers, pharmaceuticals, cosmetics, flavoring materials, agricultural chemi- 
cals and the like. Any liquid, oil, low melting solid or solvent-soluble material into which a first wall-forming material can 
be dissolved and which is non-reactive with said wall-forming material may be encapsulated with this technique. Once 
encapsulated, the liquid or other form is preserved until it is released by some means which breaks, crushes, melts, dis- 
solves, or otherwise removes the capsule skin or until release by diffusion is effected under suitable conditions. 

35 EP-A-278,878 discloses a processes for preparation of microcapsules using as a surfactant a styrene/maleic anhy- 
dride copolymer; preferably its anhydride or acid-form, but not its salt form. 

FR-A-2543019 discloses a process for producing microcapsules in which a partial ester of a styrene/maleic anhy- 
dride was used as a surfactant. 

The process of the present invention is particularly suitable for the production/of microcapsules of very small parti- 

40 cle size which are suspended in an aqueous medium and which contain agricultural chemicals such as pesticides and 
herbicides. The term "particle" in the context of the invention herein disclosed refers to a capsule. 

Aqueous suspensions of pesticide and herbicide microcapsules are particularly useful in controlled release pesti- 
cide and herbicidal formulations because they can be diluted with water or liquid fertilizer and sprayed using conven- 
tional equipment, thereby producing uniform field coverage of the agricultural chemical. Additives such as film forming 

45 agents can be added directly to the finished formulation to improve the adhesion of microcapsules to foliage. In some 
instances, reduced toxicity and extended activity of encapsulated herbicides and pesticides have been noted. 

Most conventional oil-in-water surfactants fail to produce emulsions which are suitable for microencapsulation. 
More importantly, they fail to maintain a stable suspension of microcapsules during the critical wall-forming step, partic- 
ularly when high concentrations of water-immiscible materials are involved. This results in coalescence of the partially 

so formed capsules into larger agglomerates which cannot be redispersed, or even solidification of the entire nonaqueous 
phase when the second reactive component is stirred into the oil-in-water emulsion. The critical factor in achieving sta- 
ble, high concentrations of microencapsulated materials is therefore the selection and use of a special type of surfactant 
or adjuvant which is able to both produce a stable oil-in-water emulsion and, more importantly, to stabilize the subse- 
quent suspension of capsules dig the wall-formation step so that coalescence to large unusable agglomerates is 

55 avoided. 

It has now been discovered that by using salts of partial esters o f styrene-maleic anhydride copolymers in th e proc- 
ess of microencapsulation via interfacial polymerization, it is possible to obtain highly concentrated, stable microcap- 
sule suspensions. The present invention thus provides a new and improved method of encapsulation via interfacial 
polymerization which provides a rapid and effective way to obtain high concentrations of water-immiscible materials in 



2 



EP0 551 796 B1 



the form of an aqueous microcapsule suspension. 

Gen rally, the water-immiscible material can be effectively encapsulated at concentrations up t about 45 % by 
weight or higher without difficulty. Once the water-immiscible material, for example, a pesticide or herbicide, is encap- 
sulated, the system becomes a solid-in-liquid suspension which can be directly combined with oth r water-based mate- 
5 rials, for example, liquid fertilizers. Or it can be diluted with water and sprayed by a conventional applicator. 

Detailed description of the invention 

The process of this invention for the preparation of microcapsules having a capsule wall of a solid polymeric sub- 
w stance enclosing a water-immiscible material comprises preparing a solution of a first reactive component required to 
form the capsule wall in the water-immiscible material, then uniformly dispersing this solution in an aqueous medium 
which contains, in an effective amount to form an oil-in-water emulsion, a surfactant which is a salt of a partial ester of 
a styrene-maleic anhydride copolymer, and subsequently adding a second reactive component required to form the 
capsule wall which is complementary to the first one and reacts with it under the mixing conditions. The mixture is then 
15 stirred until the wall-forming components have fully reacted with each other, whereby a solid polymeric wall is formed 
about the water-immiscible material to be encapsulated. 

The critical feature of the present invention lies in the use of a specifically selected surfactant, which is a salt of a 
partial ester of a styrene-maleic anhydride copolymer. Suitable styrene-maleic anhydride copolymers are commercially 
available from Atochem North America, Inc., Suite 300, 5 Great Valley Parkway, Malvern, Pennsylvania, USA, under the 
20 trade name SMA® Resins. Said resins are available in both the anhydride and partial ester forms. Alcohols will react 
with the anhydride form of the SMA Resins to form esters by ring opening of the anhydride groups. The ester forms are 
readily soluble in aqueous ammonia and may be converted to suitable ammonium salts by simply heating and stirring. 
One such salt, SMA 1440H, which is an ammonium salt of a partial ester of a 1 :1 styrene-maleic anhydride copolymer, 
is also commercially available from Atochem and is a particularly preferred aspect of this invention. According to the 
25 manufacturer, the degree of esterif ication of their commercial partial esters is 30 to 50 %. 

Other suitable salts are, for example alkali metal salts such as lithium, sodium and potassium salts, alkaline earth 
salts such as calcium and magnesium salts and salts of quaternary ammonium hydroxides such as tetramethylammo- 
nium hydroxide. Said salts can be obtained directly by heating the ester form of an SMA Resin with an aqueous solution 
of the appropriate inorganic or organic base instead of an aqueous ammonia solution, or indirectly by cation exchange. 
30 Mixtures may offer advantages with regard to solubility and performance. 

The amount of the salt of partial ester of a styrene-maleic anhydride copolymer to employ ranges from about 0.5 
percent to about 20 percent, preferably from about 1 percent to about 8 percent, and most preferably from 1 to 5 percent 
relative to the weight of the water-immiscible material to be encapsulated. 

The number average molecular weight of the salt of a partial ester of a styrene-maleic anhydride copolymer is in 
35 the range 1000 to 6000, preferably 1000 to 4000, and more preferably 1000 to 3000. The number average molecular 
weights can be determined by known methods, for example by the gel permeation method. 

The process of the present invention is particularly suitable for the production of microcapsules which are of very 
small and uniform particle size and which are suspended in an aqueous medium. The microcapsules contain agricul- 
tural chemicals. 

40 Within the scope of this invention, suitable agricultural chemicals are those which are insoluble in water, are liquid 
at room temperature or have a melting point of less than about 60 °C, or are soluble in a water-immiscible organic sol- 
vent and are able to dissolve, but are non-reactive to, a first reactive wall-forming component. 

In the practice of the process of this invention, the water-immiscible material should be in the liquid state. For nor- 
mally solid materials this can be accomplished either by carrying out the interfacial condensation at a temperature 

45 above the melting point of the water-immiscible material or by adding a sufficient amount of an agrochemically suitable 
water-immiscible solvent. 

Suitable water-immiscible solvents in which the agricultural chemicals may be dissolved . and which are not reac- 
tive toward the components used to form the capsule walls include hydrocarbons such as cyclohexane, benzene, tolu- 
ene, xylene, mineral oil, kerosene and mixtures of mono- and polyalkylated aromatics such as those commercially 
so available under the registered trademarks SHELLSOL (Shell Chemical) and AROMATIC 200 (Exxon). Also suitable are 
water-immiscible ketones such as cyclohexanone, esters of long chain acids such as KEMESTER 9014 (tetradecanoic 
acid methyl ester, available from Witco) as well as halogenated hydrocarbons such as methylene chloride, chloroform, 
chlorobenzene and o-dichlorobenzene. 

In the process of this invention, it is possible to encapsulate a very wide range of agrochemicals, for example her- 
55 bicides, plant growth regulators, insecticides, acaricides, fungicides, nematicides, safeners and ectoparasiticides. 

With respect to their chemical constitution, these substances may belong to a very wide range of compound 
classes. Examples of compound classes to which th agricultural chemicals which can be encapsulated in the process 
of this invention may belong include dinitroanilines, acylalanines, triazine and triazole derivatives, carbamates, phos- 
phoric acid esters, pyrethroids, benzilic acid esters, polycyclic halogenated hydrocarbons, formamidines and dihydro- 
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1 ,3-thiazoI-2-ylidene anilines. Examples of suitable individual compounds of the above mentioned compound classes 
are listed hereinafter. Where known, the common name is used to designate th individual compounds (q.v. the Pesti- 
cide Manual, 9th edition, 1991, British Crop Protection Council). 

s s-Triazines 

Atrazine, propazine, terbutylazine, ametryn, aziprotryne, desmetryn, dipropetryn, prometryn, terbutryn, secbume- 
ton and terbumeton. 

10 Ureas 

Chlorobromuron, chloroxuron, chlorotoluron, fluometuron, metobromuron and thiazaf luron. 
Haloacetaniiides 

15 

Dimethacor, metolachlor, pretilachlor, 2-chloro-N-(1-methyl-2-methoxyethyl)-acet-2,4-xylidide, alachlor, butachlor, 
diethatyl-ethyl and propachlor. 

Diohenvl Ether Derivatives 

20 

Bifenox, diclofopmethyl, 4-(4-pentyn-1-yloxy)diphenyl ester, cis,trans-(±)-2-ethyl-5-(4-phenoxy-phenoxymethyl)- 
1 ,3-dioxolane. 

Phenoxyphenylpropionic acid derivatives 

25 

Fluazifop. 
Pinitroanilines 

30 Butralin, ethalfluralin, fiuchloralin, isopropalin, pendimethalin, profluralin and trtfluraJin. 
Acvlalanines 

Fluralaxyl, metalaxyl, benzoylprop-ethyl and fiamprop-methyl. 

35 

Triazole Derivatives 

Etaconazole, propiconazole, 1-[2-(2,4-dichiorophenyl)-pent-1-yl]-1H i 1 ,2,4-triazole and triadimefon. 
40 Carbamates 

Dioxacarb, furathiocarb, aidicarb, benomyl, 2-secbutylphenylmethyIcarbamate, etiofencarb, isoprocarb, propoxur, 
carbetamide, butylate, di-allate, EPIC, molinate, thiobencarb, triallate and vernolate. 

45 Phosphoric Acid Esters 

Piperophos, anilofos, butamifos, azamethiphos, chlorfenvinphos, dichlorvos, diazinon, methidathion; azinphos- 
ethyl, azinphos-methyl, chlorpyrifos, chlorthiofos, crotoxyphos, cyanophos, demeton, dialifors, dimethoate, disulfoton, 
etrimfos, famphur, flusulfothion, fluthion, fonofos, formothion, heptenophos, isazophos, isofenphos, isoxathion, ■ 
so malathion, mephospholan, mevinphos, naled, oxydemeton-methyl, oxydeprofos, parathion, phoxim, pyrimiphos-methyl, 
profenofos, propaphos, propetamphos, protiophos, quinalphos, sulprofos, phemephos, terbufos, triazophos, trichloro- 
nate, fenamiphos, S-benzyl-O.O-diisopropylphosphorothioate, edifenphos and pyrazophos. 

Pyrethroids 

55 

Allethrin, bioallethrin, bioresmethrin, cyhalotrin, cyperrnethrin, deltamethrin, fenpropathrin, fenvalerate, flucythri- 
nate, f luvalinate, permethrin, pyrethrin, resmethrin, tetram thrin and tralomethrin. 
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Benzilic Acid Esters 

Bromopropylate, chlorbenzylate and chlorpropylate. 
5 Polvcyclic Haloaenated Hydrocarbons. 

Aldrin and endosulfan. 
Formamidines 

10 

Chlordimeform, dihydro-1,3-thiazol-2-ylidene-anilines and n-(2,3-dihydro-3-methyl-1,3-thiazol-2-ylidene)-2,4-xilid- 

ine. 

M is cel lane ous 

15 

Methopren, Wnopren, flupropimorph, tridernorph, bromoxynil, crimidine, bupyrimate, sethoxydim, chlorphenprop- 
methyl, carboxin, buthiobate, amithraz, dicofol, oxadiazon, prochloraz, propargite. dicamba, camphechlor and chlorfen- 
son. 

Particularly preferred agricultural chemicals are metolachlor, profenofos, isazofos, propiconazole, diazinon and 
20 cis,trans-(±)-2-ethyl-5-(4-phenoxy-phenoxymethyl)- 1 , 3-dioxolane. 

Within the scope of this invention, the amount of the agricultural chemical which can be encapsulated is usually at 
least 1 00 g of microcapsules per liter or 1 0 % by weight and can be up to about 700 g of microcapsules per liter or 70 
% by weight. A conventional 4 IbsVgallon concentration or about 45 % by weight can generally be obtained without dif- 
ficulty. In practical operation, as will be realized by those skilled in the art, the resultant suspension becomes very thick 
25 if an extremely high concentration of agricultural chemicals is encapsulated. 

Furthermore, the agricultural chemicals to be encapsulated need not be limited to only one type, but may be a com- 
bination of two or more various types, for example, two herbicides or a herbicide with an insecticide or a safener. 

It is known per se, for example from U.S. Patent Nos. 3,577,515, 4,563,212 and 4,640,709, that processes for 
microencapsulation via an interfacial polycondensation reaction between complementary reactarrts are adaptable to a 
30 variety of polycondensation reactions. That is to say, by choosing appropriate pairs of reactants which are capable of 
undergoing interfacial condensation from their respective carrier liquids to form a solid polymer at the liquid interface, 
one is able to form capsule skins of various polymers. U.S. Patent No. 4,640,709 discloses and exemplifies various suit- 
able complementary reactants and their use to produce capsule walls in the form of polyamides, polysulfonamides, pol- 
yesters, polycarbonates, polyurethanes, polyureas and mixtures thereof. By using the wall-forming reactants and 
35 procedures disclosed therein, but replacing the alkylated polyvinyl pyrrolidone emulsifiers employed therein by an 
appropriate amount of a salt of a partial ester of a styrene-maleic anhydride copolymer according to the present inven- 
tion, it is possible to obtain, with only routine experimentation, highly concentrated, stable microcapsule suspensions of 
the most diverse types of water-insoluble materials encapsulated within polyamide, polysuifonamide, polyester, poly- 
carbonate, polyurethane or polyurea walls. / 
40 The encapsulated materials are agricultural compounds, and for said materials the walls are preferably formed by 
reacting polyisocyanates, dissolved in the water-immiscible material, with aqueous solutions of diamines or polyamines 
to form polyureas. 

Within the scope of this invention, polyisocyanates will be generally understood as meaning those compounds that 
contain two or more isocyanate groups in the molecule. Preferredisocyanates are di- and triisocyanates whose isocy- 

45 anate groups may be linked to an aliphatic or aromatic moiety. Exampies^of suitable aliphatic diisocyana tes include 
tetramethylene diisocyanate, pentamethylene diisocyanate an d hex am ethylene diisocyan ate. Suitable aromatic isocy- 
anates include toluene diisocyanate (TDI: a mixture of the 2,4 r - and~2^6-isomers), dipnenyimethene-M'-diisocyanate 
(MDI: DESMODUR® VL. Mobay Corp., Pittsburgh), polymethylene polypheny! isocyanate (MONDUR® MR, Mobay 
Corp., Pittsburgh), PAPI® and PAPI® 135 (Upjohn Co.), 2,4,4'-diphenyl ether triisocyanate, S.S'-dimethyl-M'-diphenyl 
. so diisocyanate, 3,3'-dimethoxy-4,4'-diphenyi diisocyanate, 1,5-naphthalene diisocyanate and 4,4',4"-triphenylmethane 
triisocyanate. A further suitable diisocyanate is isophorone diisocyanate. 

Also suitable are adducts of diisocyanates with polyhydric alcohols such as ethylene glycol, glycerol and trimethy- 
loipropane, obtained by addition, per mole of polyhydric alcohol, of a number of moles of diisocyanate corresponding to 
the number of hydroxy! groups of the respective alcohol. In this way, several molecules of diisocyanate are linked 

55 through urethane groups to the polyhydric alcohol to form high molecular weight polyisocyanates. A particularly suitable 
product of this kind, DESMODUR® L (Mobay Corp. , Pittsburgh), can be prepared by reacting 3 moles of toluene diiso- 
cyanate with 1 mole of 2-ethylglycerol (1,1-bismethylolpropane). Further suitable products are obtained by addition of 
hexamethylene diisocyanate or isophorone diisocyanate with ethylene glycol or glycerol. Preferred polyisocyanates are 
diphenylmethane-4,4 , -diisocyanate and polymethylene polyphenolisocyanate. 
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Di- and triisocyanates such as those mentioned above can be employed individually or as mixtures of two or more 
such isocyanates. 

Suitable polyamines within the scope of this invention will be understood as meaning in general those compounds 
that contain two and more amino groups in the molecule, which amino groups may be linked to aliphatic or aromatic 
5 moieties. Examples of suitable aliphatic polyamines are a, axJiarnines of the formula 

H 2 N-(CH2)n-NH 2 

wherein n is an integer from 2 to 6. Exemplary of such diamines are ethylenediamine, propylene-1 ,3-diamine, tetrame- 
10 thylenediamine, pentamethylenediamine and hexamethylenediamine. A preferred diamine is hexamethylenediamine. 
Further suitable aliphatic polyamines are polyethylenimines of the formula 

H 2 N-(CH 2 -CH 2 -NH) n -H 

15 wherein n is an integer from 2 to 5. Representative examples of such polyethylenimines are diethylenetriamine, trieth- 
ylenetetramine, tetraethytenepentamine and perrtaethylenehexamine. 

Further suitable aliphatic polyamines are dioxaalkane-a,co-diamines such as 4,9-dioxadodecane-1,12-diamine of 
the formula 

20 H 2 N-(CH 2 )30-(CH 2 )40-(CH2)3-NH 2 . 

Examples of suitable aromatic polyamines are 1,3-phenylenediamine, 2,4-and 2,6-toluenediamine, 4,4 , -diamin- 
odiphenylmethane, 1,5-diaminonaphthalene, 1 ,3,5-triaminobenzene, 2,4,6-triaminotoluene, 1,3,6-triaminonaphtha- 
lene, 2,4,4 , -triaminodiphenyl ether, 3,4,5-triamino-1,2,4-triazole and 1,4,5,8-tetraaminoanthraquinone. Those 
25 polyamines which are insoluble or insufficiently soluble in water may be used as their hydrochloride salts. 

Yet further suitable polyamines are those that contain suifo or carboxyl groups in addition to the amino groups. 
Examples of such polyamines are 1 ,4-phenylenediaminesulfonic acid, 4,4'-diaminodiphenyl-2-sulfonic acid, or diamino- 
monocarboxylic acids such as arnithine and lysine. 

Polyamines such as those mentioned above may be used individually or as mixtures of two or more polyamines. 
30 They are conveniently added as aqueous solutions. 

The shell wall content of the microcapsules, which is determined by amounts of the complementary wall-forming 
components employed, may vary from about 2.5 to 30 % by weight, preferably 5 to 20 % by weight, based on the mate- 
rial to be encapsulated. 

The amount of each complementary wall-forming component to employ will vary with their equivalent weights. 
35 While approximately stoichiometric amounts are preferred, an excess of one component may be employed without 
departing from the scope of this invention. The total amount of the components required to form the capsule wall in each 
specific case depends primarily on the wall thickness of the capsules to be prepared and also on the capsule size. 

The process of this invention can be carried out at any temperature which is above the melting point of the water- 
insoluble material (which may contain a solvent to depress its melting point), that Fs, from below room temperature to a 
40 moderately elevated temperature up to the boiling point of the solvent, if one is employed. In practice a suitable temper- 
ature range is from 10 to 75 °C. It is preferred to carry out the process of this invention in the temperature range from 
20 to 45 °C. The time needed to complete the reaction of the polyisocyanate with the polyamine is normally from 2 to 
30 minutes at room temperature. The degree of conversion and the end of the reaction can be determined by titration 
of the free amine present in the aqueous phase. 
45 The suspensions of microcapsules obtainable in the process of this invention are directly ready for use. However, 
for transportation and storage they can be stabilized by the addition of further ingredients such as surface-active 
agents, thickeners, antrfoams and antifreeze agents. 

It is, however, also possible to separate the microcapsules from the directly obtained suspensions by filtration or 
centrifugation and either to dry them or convert them once more into a suspension. The microcapsules which have , 
so been isolated from the suspension and dried are in the form of a f lowable powder that has a virtually unlimited shelf life. 

In addition to the previously mentioned advantages of microencapsulated agrochemicals, the microcapsules of the 
present invention in some instances exhibit decreased crop damage without loss of herbicidal effectiveness. 

Another object of the invention is a composition comprising a aqueous suspension of microcapsules prepared by 
the process herein described. 

55 The present invention will be further explained by reference to the following examples which are merely illustrative 
and not limiting in nature. 
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Example 1 

Using a Brinkmann Homogenizer and a 250 ml bottl , a solution of 3.48 g of MONDUR MR (Mobay Corp.) in 50 g 
of metolachlor is dispersed, with high shear stirring, in a solution of 1.08 g SMA® Resin 1440H (from Atochem North 
5 America, Inc., Suite 300, 5 Great Valley Parkway, Malvern, Pennsylvania) in 49.7 g of water. The high shear stirring is 
maintained for 1 minute, and thereafter, the shear is reduced with a concurrent addition of 2.15 g of HMDA (hexameth- 
ylenediamine in the form of a 70 % aqueous solution). Slow stirring is continued for about 30 minutes, during which time 
1.07 g of Siponate DSB (diphenyloxide disulfonate solution from Rhone-Poulenc), a suspension aid, are added. The 
average capsule size is about 5 to 20 microns. 

10 

Example 2 

2.15 g of SMA 1440H are added to 47.6g of water in a 250 ml bottle. The mixture is gently stirred until the SMA 
1 440H is completely dissolved. The aqueous solution of SMA 1 440H is then used to emulsify a solution of 3.48 g MON- 
15 DUR MR in 50 g of diazinon under high shear agitation using a Brinkmann Homogenizer. The high shear agitation is 
maintained for one minute, and thereafter, the shear is reduced with a concurrent addition of 4.3 g of HMDA (in the form 
of a 35 % aqueous solution). The slow agitation is continued for 30 minutes. The average particle size is about 2 to 20 
microns. 

20 Example 3 

30.96 g of propiconazole are first dissolved in 7.74 g of Kemester 90 1 4 (tetradecanoic acid, methyl ester from W'rtco 
Co.). 2.7 g of MONDUR MR are then added to the propiconazole solution. The mixture is emulsified in a solution of 3.22 
g SMA 1440H in 59.5 g of water under high shear agitation using a Brinkmann Homogenizer. The high shear agitation 
25 is maintained for one minute, and thereafter, the shear is reduced with a concurrent addition of 4.3 g of HMDA (in the 
form of a 35% aqueous solution). The slow agitation is continued for 30 minutes. The average particle size is about 5 
to 50 microns. 

Example 4 

30 

The most common result of using an inappropriate surfactant is that the system solidifies immediately and forms 
some large unusable masses when the second reactive component, such as HMDA, is added to the oil/water emulsion. 
Morwet DB (DeSoto Chemicals), a sodium salt of dibutyl naphthalene sulfonate, is a surfactant widely used in agricul- 
tural formulations. It is, however, not suitable for high concentration microencapsulation. This will be illustrated as fol- 
35 lows: 

A solution of 3.48 g of Mondur MR in 50 g of metolachlor is emulsified in a solution of 5.38 g of Morwet DB in 45.4 
g water under high shear using a Brinkmann Homogenizer. The high shear agitation is maintained for one minute, and 
thereafter, the shear is reduced with a concurrent addition of 4.23 g of HMDA (in the form of a 46.7 % aqueous solution). 
A cheese-like mass is formed immediately. 

40 

Example 5 

Cotton was planted in a plot size of 4 rows x 50 ft; 40 inches between rows and 2 inches between plants. Three 
experiments were conducted at three locations in Texas. Profenofqs, microencapsulated according to the present 

45 invention and isolated in dry powder form, was compared head to head with CURACRON 8E (Ciba-Geigy Corp., 
Greensboro, North Carolina, an emulsifiable concentrate formulation of profenofbs). The formulations were applied to 
cotton leaves at a 1 pound A. I. per acre rate by using a John Deere broadcast foliar sprayer. The efficacy of the formu- 
lations was evaluated by the percentage of larval control against Spodoptera Frugiperda and Heliothis zea per 50 
leaves per plot at one and two weeks after treatment. Visual inspection in terms of cotton leaf injury was also conducted 

so one and two weeks after treatment. The following results indicate that microencapsulated profenofos exhibits less crop 
injury while maintaining equivalent insect control. 
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Efficacy of Profenofos Formulations 



Types 


% Larval Control 




Spodoptera Frugiperda 


Heliothis zea 


EC 


100.0 




85.7 


Microencapsulated 


97.8 




75.0 
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Table 2 



Cotton Injury of Profenofos Formulations 


Types 


% Cotton Injury 




I-306 


I-307 


I-308 


EC 

Microencapsulated 


7.33 
2.00 


3.67 
1.00 


1.67 
0.67 



25 

Claims 

1 . A process for the preparation of an aqueous suspension of microcapsules having a capsule wall of a solid poly- 
meric substance enclosing a water-immiscible material, which process comprises preparing a solution of a first 

30 reactive component required to form said capsule wail in said water-immiscible material, then uniformly dispersing 
said solution in an aqueous medium which contains, in an effective amount to form an oil-in-water emulsion, a sur- 
factant which is a salt of a partial ester of a styrene-maleic anhydride copolymer, and subsequently adding thereto, 
with agitation, a second reactive component required to form said capsule wail which is complementary to the first 
one and reacts with it under the mixing conditions, whereby a solid polymeric wall is formed about the dispersed 

35 water-immiscible material, and wherein the water-immiscible material is an agricultural chemical selected from the 
group consisting of herbicides, plant growth regulators, insecticides, acaricides, fungicides, nematicides, safeners, 
ectoparasiticides, and mixtures thereof. 

2. A process according to claim 1, wherein the amount of the salt of a partial tester of a styrene-maleic anhydride 
40 copolymer is from 0.5 to 20 % by weight relative to that of the water-immiscible material to be encapsulated. 

3. A process according to claim 2, wherein the amount of the salt of a partial ester of a styrene-maleic anhydride 
copolymer is from 1 to 5 % by weight relative to that of the water-immiscible material to be encapsulated. 

45 4. A process according to claim 1, wherein the salt of a partial ester of a styrene-maleic anhydride copolymer is 
selected from the group consisting of salts of alkali metals, alkaline earth metals, ammonia and quaternary ammo- 
nium hydroxides. 

5. A process according to claim 4, wherein the salt is an ammonium salt 

50 

6. A process according to claim 4, wherein the salt is an ammonium salt of a partial ester of a 1:1 styrene-maleic 
anhydride copolymer. 

7. A process according to daim 1 , wherein the number average molecular weight of the salt of a partial ester of a sty- 
55 rene-maleic anhydride copolymer is between 1000 and 6000. 

8. A process according to claim 1 , wherein the reactive components required to form the polymeric capsule wall are 
employed in the amount of 2.5 to 30 % by weight based on the material to be encapsulated. 
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9. A process according to claim 1 , wherein the first reactive component required to form said capsule wall is a polyiso- 
cyanate and the second reactive component required to form said capsule wall is a diamine or polyamine, whereby 
a solid polyurea wall is formed about the dispersed water-immiscible material. 

s 10. A process according to claim 1, wherein the agricultural chemical is selected from the group consisting of metol- 
achlor, profenofos, isazofos, propiconazole, diazinon and cis,trans-(±)-2-ethyl-5-(4-phenoxy-phenoxymethyl)-1,3- 
dioxolane. 

11 . A process according to claim 1 , wherein the concentration of said water-immiscible material is from 1 00 to 700 g of 
10 microcapsules per liter. 

1 2. A process according to claim 1 for the preparation of an aqueous suspension of microcapsules having a solid cap- 
sule wall of polyurea enclosing a water-immiscible agricultural chemical, which comprises dispersing a solution of 
a polyisocyanate dissolved in said water-immiscible agricultural chemical in an aqueous medium containing an 

15 ammonium salt of partial ester of a styrene-maleic anhydride copolymer, and subsequently adding thereto, with 
agitation, at a temperature between 10 and 75 °C, an aqueous polyamine solution, whereby a solid polyurea wall 
is formed about the dispersed agricultural chemical. 

13. A process according to claim 12, wherein the agricultural chemical is selected from the group consisting of metol- 
20 achlor, profenofos, isazofos, propiconazole, diazinon and cis,trans-(±)-2-ethyl-5-(4-phenoxy-phenoxymethyl)-1,3- 

dioxolane. 

14. A composition comprising an aqueous suspension of microcapsules prepared according to the process of claim 1. 
25 PatentansprQche 

1 . Verfahren zur Herstellung einer wdsserigen Suspension von Mikrokapseln mit einer Kapselwand aus einer festen 
Polymersubstanz, die ein mit Wasser nicht mischbares Material einschlieBt, wobei das verfahren urrrfaBt Herstellen 
einer LOsung einer ersten reaktiven Komponente, die zur Bildung der Kapselwand in dem mit Wasser nicht misch- 

30 baren Material erforderlich ist, anschlieBend gleichfflrmiges Dispergieren der Lflsung in einem wSsserigen 
Medium, das in einer zur Bildung einer Ol-in-Wasser-Emulsion wirksamen Menge ein Tensid enthdlt, das ein Saiz 
eines Teilesters eines Styrol-Maleinsdureanhydridcopolymers ist und anschlieBend unter Ruhren Zugabe einer 
zweiten, zur Bildung der Kapselwand erforder lichen reaktiven Komponente die zu der ersten komplemen&r ist und 
damit unter den Mischbedingungen reagiert, wodurch eine feste Polymerwand urn das dispergierte, mit Wasser 

35 nicht mischbare Material gebildet wird und wobei das mit Wasser nicht mischbare Material eine Agrochemikalie 
darstellt, ausgewdhlt aus der Gruppe, bestehend aus Herbiziden, Pflanzenwachstumsregulatoren, Insektiziden, 
Akariziden, Fungiziden, Nematiziden, Zusatzstoffen zur Verhinderung der Reaktion von Bestandteilen von Wirk- 
stoffgemischen, Ectoparasitiziden und Gemischen davon. 
• 

40 2. Verfahren nach Anspruch 1 , wobei die Salzmenge eines Teilesters eines Styrol-Maleinsaureanhydridcopolymers 
0,5 bis 20 Gew.-%, bezogen auf das mit Wasser nicht mischbare, einzukapselnde Material, ist. 

3. Verfahren nach Anspruch 2, wobei die Salzmenge eines Teilesters eines Styrol-Maleinsaureanhydridcopolymers 1 
bis 5 Gew.-%, bezogen auf das mit Wasser nicht mischbare, einzukapselnde Material, ist. 

45 

4. Verfahren nach Anspruch 1 , wobei das Saiz eines Teilesters eines Styrol-MaleinsSureanhydridcopolymers ausge- 
wahlt ist aus der Gruppe, bestehend aus Salzen von Aikalimetallen, Erdalkalimetallen, Ammoniak und quaternaren 
Anmoniumhydroxiden. 

so 5. Verfahren nach Anspruch 4, wobei das Saiz ein Ammoniumsalz darstellt. 

6. Verfahren nach Anspruch 4, wobei das Saiz ein Ammoniumsalz eines Teilesters eines 1 :1 Styrol-Maleins&urean- 
hydridcopolvmers darstellt. 

55 7. Verfahren nach Anspruch 1 , wobei das zahlenmittlere Molekulargewicht des Salzes eines Teilesters eines Styrol- 
Maleins&ureanhydridcopolymers zwischen 1000 und 6000 iiegt. 

8. Verfahren nach Anspruch 1 , wobei die reaktiven Komponenten, die zur Bildung der polymeren Kapselwand erfor- 
derlich sind, in der Menge von 2,5 bis 30 Gew.-%, bezogen auf das einzukapselnde Material, eingesetzt werden. 
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9. Verfahren nach Anspruch 1 , wobei die erste reaktive Komponente, die zur Bildung der Kapselwand erforderiich ist, 
ein Polyisocyanat darstellt und die zwerte reaktive Komponente, die zur Bildung der Kapselwand erf rderiich ist ein 
Diamin oder Polyamin darstellt, wodurch urn das dispergierte, mit Wasser nicht mischbare Material ein test Poly- 
harnstoffwand gebildet wird. 

10. Verfahren nach Anspruch 1, wobei die Agrochemikatie ausgewahrt ist aus der Gruppe, bestehend aus Metolachlor, 
Profenofos, Isazofos, Propiconazol, Diazinon undcis,trans-(±)-2-Ethyl-5-(4-phenoxy-phenoxymethyl)-1,3-dioxolan. 

11. Verfahren nach Anspruch 1, wobei die Kbnzentration des mit Wasser nicht mischbaren Materials 100 bis 700 g 
Mikrokapseln pro Liter ist. 

12. Verfahren nach Anspruch 1 zur Herstellung einer wasserigen Suspension von Mikrokapseln mit einer festen Kap- 
selwand aus Polyharnstoff, die eine mit Wasser nicht mischbare Agrochemikalie einschlieBt, umfassend Dispergie- 
ren einer LOsung eines in der in Wasser nicht mischbaren Agrochemikalie gelOsten Polyisocyanats in einem 
wasserigen Medium, das ein Ammoniumsalz eines Teilesters eines Styrol-Maleinsaureanhydridcopolymers enthait 
und anschlieGend unter Ruhren bei einer Temperatur zwischen 10 und 75°C Zugabe einer wasserigen Polyamin- 
Ifisung, wodurch eine teste Polyharnstoffwand urn die dispergierte Agrochemikalie gebildet wird. 

13. Verfahren nach Anspruch 12, wobei die Agrochemikalie ausgewdhit ist aus der Gruppe, bestehend aus Metola- 
chlor, Profenofos, Isazofos, Propiconazol, Diazinon und cis.trans-ClJ^-Ethyl-S^^phenoxy-phenoxymethylJ-I.S- 
dioxolan. 

14. Zusammensetzung, umfassend eine wasserige Suspension von Mikrokapseln, hergestellt nach den Verfahren von 
Anspruch 1. 

Revindications 

1 . Procede de preparation d'une suspension aqueuse de microcapsules presentant une paroi de capsule d'une subs- 
tance polymere solide renfermant une mattere immiscible avec I'eau, procede qui comprend la preparation d'une 
solution d'un premier constituant r6actif n6cessaire k la formation de ladite paroi de capsule dans ladite matiere 
non miscible avec Teau, puis la dispersion uniforme de ladite solution dans un milieu aqueux qui contient, en une 
quantity efficace pour former une emulsion huile-dans-eau, un tensioactif qui est un sel d'un ester partiel d'un 
copolym&re styr&ne/anhydride maieique, puis ('addition & celle-ci, sous agitation, d'un second constituant reactif, 
necessaire k la formation de ladite paroi de capsule, qui est compiementaire du premier et qui rGagit avec celui-ci 
dans des conditions de melange, af in de former une paroi polymere solide autour de la mature non miscible avec 
Teau dispersee, et dans lequel la matiere non miscible avec I'eau est un produit chimique agricole choisi dans le 
groupe constitu6 par les herbicides, les regulateurs de croissance vegetale, ies insecticides, les acaricides, ies fon- 
gicides, les nematicides, les agents diminuant ie danger, les ectoparasiticides, et leurs melanges. 

2. Precede selon la revendication 1 , dans lequel la proportion de sei d'un ester partiel d'un copolymere styrene/anhy- 
dride maieique est de 0,5 k 20% en poids, rapportee k ceile de la matiere non miscible avec Teau k encapsuier. 

3. Procede selon la revendication 2, dans lequel la proportion de sel d'un ester partiel d'un copolymere styrene/anhy- 
dride maieique est de 1 k 5% en poids, rapportee k celie de la matiere non miscible avec Teau k encapsuier. 

4. Procede selon la revendication 1 , dans lequel le sel d'un ester partiel d'un copolymere styrdne/anhydride maieique 
est choisi dans le groupe constitue par les sels de metaux alcalins, de metaux alcalino-terreux, d'ammoniac et 
d'hydroxydes d'ammonium quaternaire. 

5. Procede selon la revendication 4, dans lequel le sel est un sel d'ammonium. 

6. Procede selon la revendication 4, dans lequel le sel est un sel d'ammonium d'un ester partiel d'un copolymere sty- 
rene/anhydride maieique 1:1. 

7. Procede selon la revendication 1 , dans lequel la masse moieculaire moyenne en poids du sel d'un ester partiel d'un 
copolymere styrene/anhydride maieique est comprise entre 1 000 et 6 000. 

8. Procede selon la revendication 1, dans lequel les constituants reactifs necessaires k (a formation de la paroi de 
capsule polymer sont employes en une proportion de 2,5 k 30% en poids, rapportee k la matiere k encapsuier. 
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9. Proc£d£ selon la revendication 1 , dans lequel le premier constituant rgactif n£cessaire & la formation de ladite paroi 
de capsule est un polyisocyanate et le second constituant r£actif n£cessaire a la formation de ladite paroi de cap- 
sule est une diamine ou un polyamine, af in de former une paroi de polyur6e solide autour de la matifcre non mis- 
cible avec i'eau dispers6e. 

5 

1 0. Proc6d6 selon la revendication 1 , dans lequel le produit chimique agricoie est choisi dans le groupe constituS par 
metolachlor, profenofbs, isazofos, propiconazole, diazinon et le cis,trans-(±)-2-6thyl-5-(4-ph6noxyph6noxym6thyl)- 
1,3-dioxalane. 

10 11. Proc6d6 selon la revendication 1 , dans lequel la concentration de ladite mattere non miscible avec Peau est de 100 
d 700 g de microcapsules par litre. 

1 2. Proc£d£ selon la revendication 1 de preparation d'une suspension aqueuse de microcapsules pr&sentant une paroi 
de capsule solide de polyur£e renfermant un produit chimique agricoie, qui comprend la dispersion d'une solution 
75 d'un polyisocyanate dissous dans ledit produit chimique agricoie non miscible avec Teau dans un milieu aqueux 
contenant un sel d'ammonium d'ester partiel d'un copolym&re styr&ne/anhydride mateique, puis I'addition & celle- 
ci, sous agitation, k une temperature comprise erttre 10 et 75°C, d'une solution aqueuse de polyamine, afin de for- 
mer une paroi de polyurSe solide autour du produit chimique agricoie disperse. 

20 1 3. Proc6d6 selon la revendication 1 2, dans lequel le produit chimique agricoie est choisi dans le groupe constitu£ par 
metolachlor, profenofbs, isazofos, propiconazole, diazinon et le cis,trans-(±)-2-ethyl-5-(4-ph6noxyphenoxymethyl)- 
1,3-dioxalane. 

14. Composition comprenant une suspension aqueuse de microcapsules pr£par6e selon le proc6d6 de la revendica- 
25 tionl. 
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